The occurrence of photorespiration in soybean (Glycine max [L.] Merr.) leaf cells was demonstrated by the presence of an 02-dependent CO2 compensation concentration, a nonlinear time course for photosynthetic "4CO2 uptake at low CO2 and high 02 concentrations, and an 02 stimulation of glycine and serine synthesis which was reversed by bigh CO2 concentration. The compensation concentration was a linear function of 02 concentration and increased as temperature increased. At atmospheric CO2 concentration, 21% 02 inhibited photosynthesis at 25 C by 27%. Oxygen inhibition of photosynthesis was competitive with respect to CO2 and increased with increasig temperature. The Km (CO2) of photosynthesis was abo temperature-dependent, increasing from 12 jpM C02 at 15 C to 38 ,UM at 35 C. In contrast, the KI(02) was sdmir a all temperatures. Oxygen inhibition of photosyntheds was independent of Ihrdiance except at 10 mm bicarbonate and 100% 02, where Inbition decreamd with increasing irradiance up to the point of ijght satuntion of photosynthesis. Concomitant with increasing 02
C by 27%. Oxygen inhibition of photosynthesis was competitive with respect to CO2 and increased with increasig temperature. The Km (CO2) of photosynthesis was abo temperature-dependent, increasing from 12 jpM C02 at 15 C to 38 ,UM at 35 C. In contrast, the KI(02) was sdmir a all temperatures. Oxygen inhibition of photosyntheds was independent of Ihrdiance except at 10 mm bicarbonate and 100% 02, where Inbition decreamd with increasing irradiance up to the point of ijght satuntion of photosynthesis. Concomitant with increasing 02 Iibition of photosynthesis was an increased incorporation of carbon into glycine and seine, intermediates of the photorespiratory pathway, and a decreased incorporation into starch. The effects of CO2 and 02 concentrtion and temperature on soybean cell photosynthesis and photorespiation provide frther evidence that these processes are reguated by the kinetic properties of rtbulose-1,5-diphosphate carboxyae with respet to CO2 and 02-Oxygen inhibition of C3 photosynthesis is rapidly and completely reversible, reduced by increasing the CO2 concentration, and accompanied by the synthesis of products of the photorespiratory pathway (5, 10) . These 02 effects on photosynthesis have been documented in leaves (1, 6, 14) , isolated chloroplasts (7, 8) and algae (3, 25) . Studies with isolated leaf cells can provide information complementing that obtained with leaves, chloroplasts and algae in that cells contain the complete photorespiratory pathway, like leaves, yet can be assayed in solution, like chloroplasts and algae, permitting reproducible modification of the aqueous environment such as the addition of photorespiratory inhibitors (20) and altering pH (21) (Fig. 2) . The inhibition of photosynthesis by 21% 02 at 0.5 mm bicarbonate, which is equivalent to about 340 ,ul/l of C02, was 27% (Table I) , equal to the amount of inhibition in leaves by atmospheric 02 (1, 6, 10) .
The CO2 response curve extrapolated to zero in the absence of 02 (Fig. 2) (Fig. 4 ) and used to determine the kinetic constants of photosynthesis and 02 inhibition (Table II) . As was previously observed in soybean leaves (14) and cells (22) , increasing temperature increased the Km(CO2). The Ki(02) was not greatly altered by temperature changes. Both r (Table II) . Products of Photosynthesis. At low bicarbonate concentrations, increasing the 02 concentration greatly increased the percentage of label entering the basic fraction (amino acids) and acid-1 fraction (glycolate and glycerate) (Fig. 5) . A correspondingly large decrease was observed in the insoluble fraction (starch). 02 increased the percentage of label entering the acid-2 fraction (mostly sugar phosphates) to a small extent, and decreased the percentage of label in the neutral fraction (mostly sucrose). Increasing the bicarbonate concentration overcame the 02 effect. Distribution of label in products of photosynthesis at high CO2 concentration was similar at all 02 concentrations, except for the neutral fraction that remained slightly depressed at high 02- Analysis of the basic fraction revealed that changes in 02 and bicarbonate concentrations only altered incorporation of label into serine and glycine (Fig. 6) . The percentage of labeled carbon fixed into glycine and serine was progressively inhibited with increasing bicarbonate concentration. An identical response was observed in leaves of sunflower (16) , Atriplex patula (18) , and sugar beet and tobacco (23) . 2PM0l C02/mg Chl*hr cells was the measurement of an 02-dependent r, determined by extrapolating the CO2 response curve to zero net photosynthesis. As in leaves (14) , F was directly proportional to 02 concentration (Table I) . r was not observed in previous photosynthetic studies with tobacco cells (4, 11) or spinach protoplasts (17), probably because the assay times were too short. Time is required for isotopic saturation of "4CO2 in intermediates of the photosynthetic and photorespiratory pathways. In short term assays, the relative specific radioactivity of photorespiratory released 14CO2 is much less than the relative specific radioactivity of the administered 14CO2, so the rate of apparent photosynthesis is overestimated and extrapolation of the CO2 response curve passes through or near the origin. The effect of photorespiration on the CO2 response curve was largely corrected for by shifting the curve in 02 to the origin, thus permitting the direct effect of 02 on photosynthesis to be estimated. Cell photosynthesis followed enzyme kinetics so the inhibition constant for 02 could be determined from double reciprocal plots. The Ki(02) at 25 C was about 700 ,UM (Tables I and II) , similar to the value obtained with purified soybean RuDP carboxylase (12, 14) , and suggests that 02 inhibition of this enzyme causes the direct 02 inhibition of cell photosynthesis. From the kinetic constants derived from Figure  2 (given in Table I ), the magnitude of the two components of 02 inhibition, photorespiration and direct inhibition, was calculated. These calculations (Table I) indicate that photorespiration accounts for one-third of the inhibition at atmospheric CO2 concentration at 25 C, and that the remaining two-thirds is due to direct inhibition of CO2 fixation. This agrees with previous calculations made from measurements on soybean leaves and purified RuDP carboxylase (12, 14) .
Previous reports from this laboratory (12, 14, 22) have established that photosynthesis, photorespiration, F, and 02 inhibition of photosynthesis can be described in terms of the kinetic properties of RuDP carboxylase with respect to CO2 and 02. In these analyses, F, photorespiration, and 02 inhibition were shown to be proportional to the ratio Km(CO2)/Ki(02).
Increasing temperature increased r and 02 inhibition of photosynthesis in soybean leaves (14) , and photorespiration increased at higher temperatures (10) . The Km(CO2) of soybean leaves and purified RuDP carboxylase increased at higher temperatures while the Ki(02) was little affected by temperature. Thus Laing et al. (14) concluded that the temperature dependence of r, photorespiration, and 02 inhibition of soybean photosynthesis was due to temperature-induced changes in the Km(CO2) of RuDP carboxylase. The effect of temperature on Km(CO2), Ki(02), F, and 02 inhibition of photosynthesis in isolated soybean leaf cells (Table II) supports this conclusion.
Ehleringer and Bjorkman (6) showed that the quantum yield of C3 photosynthesis at atmospheric CO2 and 02 concentrations was temperature-dependent, decreasing as the temperature was increased. This response is readily explained by the differential effect of temperature on Km (CO2) and Ki(02) of RuDP carboxylase. As the temperature is increased, the affinity of the leaf (Fig. 3) . Under these conditions, 02 inhibition was greatest at lowest irradiance and decreased when the amount of light was increased. A similar observation has been made in leaf photosynthesis (1) . The mechanistic basis of this anomaly is unknown.
Concomitant with increased 02 inhibition of cell photosynthesis was the partitioning of carbon into the intermediates of the photorespiratory pathway and a comparable decrease of carbon in starch. These 02 effects were also reversed in the presence of high CO2 concentrations. 02 had less effect on the incorporation of label into the acid-2 fraction, which is composed mainly of the sugar phosphates. In isolated chloroplasts, high 02 concentration severely depleted label in the sugar phosphates (8) . No such depletion was observed in soybean leaf cells (Fig. 5) . This difference probably occurs because glycolate is an end product of chloroplast photosynthesis, while in the cell and leaf most of the glycolate carbon can be returned to the photosynthesis cycle by peroxisomal and mitochondrial respiration (24) . The 02-induced depletion of chloroplast sugar phosphates, particularly RuDP, may explain why chloroplast photosynthesis is more sensitive to 02 than is cell and leaf photosynthesis, and may also explain why 02 inhibition of chloroplast photosynthesis can be partially overcome by the addition of intermediates of the photosynthetic cycle.
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